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Nowadays, the accumulation of non-biodegradable plastics is a paramount environmental 40 concern which still has not been efficiently addressed (Azeredo, 2009 ). Bioplastics produced from 41 renewable resources are being recognized as a solution to environmental problems concerning waste
42
and dependence on fossil fuels (Byun & Kim, 2014) . Starch is one of the most widely used and
43
promising materials in the bioplastics market due to its biodegradability, availability, renewability and 44 low cost (Wilhelm et al., 2003; Barnett, 2011) . Native starch does not have thermoplastic properties; 45 however, with the addition of plasticizers and thermal-shearing processing, native starch gelatinizes
46
and turns into thermoplastic starch (TPS), from which films can be obtained by using both solution 47 casting or thermoprocessing (Zhang et al., 2014) .
48
Biodegradable packaging materials can additionally be carriers of antioxidant and/or 49 antimicrobial agents (Sánchez-García et al., 2008) in order to obtain active packaging products, in 50 which active compounds are released into the food or the surrounding environment (e.g. head space)
51
in the package so as to extend the shelf life of food and to improve its safety and quality properties 52 (Realini & Marcos, 2014) .
53
Oxidation is a chemical process, slower than microbial spoilage, which lies in a primary quality 
61
As regards microbial spoilage, the growth of microorganisms is not only detrimental to the 62 organoleptic characteristics of food (such as off-odors and accelerated changes in aroma, color and 63 texture), but also some microorganisms and their toxins may cause food recalls and serious foodborne 64 outbreaks (Corrales et al., 2014) . In order to prolong the food shelf-life and maintain product safety, to its interaction with lipolisacharide (LPS) (Ellison et al., 1988) . The use of Lysozyme (LZ) in
82
antimicrobial packaging applications has been described by several authors (Barbiroli et 
98
as a secondary or preventive antioxidant, due to its chelation capability of transition metals (e.g. iron
99
and copper), which would retard the oxidation process (Huang et al., 2005 gradient, which was generated by using an oversaturated Mg(NO3)2 solution and pure water,
208
respectively. The side of the film which was in contact with air during drying was oriented towards the 209 gas phase at 53%RH. The cups were weighed every 1.5 h, for 24 h with an analytical balance (ME36S
210
Sartorius, Alemania). After the steady state was reached, the slope obtained from the weight loss vs.
211
time was used to calculate WVP.
212
The oxygen permeability (OP) was measured following the standard method (ASTM D3985-05, 
220
A spectrocolorimeter (CM-3600d, Minolta Co., Tokyo, Japan) was used to obtain the infinite 221 reflectance spectra of the film samples. Measurements were taken on black and white backgrounds.
222
The internal transmittance (Ti) of the films was determined by applying the Kubelka-Munk theory 223 (Hutchings, 1999) for multiple scattering to the reflection spectra, following the methodology described 
227
CIE-L*a*b* coordinates: lightness (Lab*), chrome (Cab*) and hue (hab*) of the films were obtained 228 from the surface reflectance spectra using D65 illuminant/10º observer. The whiteness index (WI) was 229 also calculated according to Atarés et al. (2010) .
230
The gloss was measured on the film side in contact with air during drying, at a 60º incidence
231
angle, according to the ASTM standard D-523 (ASTM, 1999), using a flat surface gloss meter (Multi-
232
Gloss 268, Minolta Co., Tokyo, Japan 
249
The antimicrobial activity of the proteins was analysed following a modification of the method 
275
The effectiveness of the antimicrobial ability of the films in a real food system was tested in 276 minced pork meat, which was obtained from a local supermarket and was processed immediately after
277
arriving at the laboratory. The meat was ground with a mincer (Severin Elektrogeräte GmbH, Sundern,
278
Germany) and amounts, 10g in weight, were molded by using petri dishes to obtain the test samples. 
327
All the analyses were performed in triplicate.
329
Statistical analysis
331
The statistical analysis of the data was performed through analysis of variance (ANOVA) using
332
Statgraphics Centurion XVI. II. Fisher's least significant difference (LSD) procedure was used. 
349
Likewise, the fact that a protein fraction remained dispersed in the PS matrix produced 350 discontinuities, which generated micro-fractures in the film structure. This fragility was mainly 
376
First derivative from TGA curves for the film samples and pure proteins (LF and LZ). Sample codes 377 refer to the mass ratio of LF (first digit) and LZ (second digit) with respect to PS.
378
The T0 and Tmax values of the starch films (sample 0-0) were 282ºC and 310ºC, respectively, 
401
Sample codes refer to the mass ratio of LF (first digit) and LZ (second digit) with respect to PS. 
403
435
Sample code refers to mass ratio of LF (first digit) and LZ (second digit) with respect to PS. 
453
weeks at 33% and 53 % RH and 25ᵒC. Sample codes refer to the mass ratio of LF (first digit) and LZ
454
(second digit) with respect to PS. Mean values and 95% LSD intervals.
455
Water uptake provoked a significant decrease in EM and TS of net starch films while film 456 stretchability was enhanced. This expected behaviour, associated with the water plasticization effect, 457 has previously been described for corn starch films containing 25 % glycerol, establishing the critical
458
water content for an effective water plasticization at about 9 % (Jiménez et al. 2013 The water vapour permeability (WVP) of the films after 1 and 5 weeks of storage is reported in 478 Table 2 . This parameter is closely linked to the films' ability to reduce the water vapour diffusivity when 
490
The oxygen permeability (OP) of the films is also reported in Table 2 . OP values of net starch 
516
Different numbers (1, 2) in the same row indicate significant differences between both storage times for the same formulation
517
(p < 0.05).
518
Sample codes refer to the mass ratio of LF (first digit) and LZ (second digit) with respect to PS.
520
OPTICAL PROPERTIES: TRANSPARENCY, COLOUR AND GLOSS
521
522 Table 3 shows the corresponding colour parameters (lightness, chroma, and hue), the gloss 
548
Different numbers (1, 2) in the same row indicate significant differences between both storage times for the same formulation (P < 0.05).
549
557
respect to the control was observed at either 10ºC or 25ºC, since only a small, but significant,
558
reduction was detected at 25ºC for LF with respect to the control sample. However, the mixture of both 559 proteins resulted in a significant reduction in the growth of inoculated E.coli; at both tested 560 temperatures. The application of both proteins resulted in a synergistic action against the gram-561 negative bacteria E.coli, which led to a decimal reduction of 1.3 and 1.9 at 10 and 25ºC, respectively. 
571
577
Accordingly, when films with and without proteins were applied to minced meat (Figure 7) , no 578 notable antimicrobial activity was observed, since no significant differences (p<0.05) in the counts of 
587
were effective enough when they were applied separately, but a weakly enhanced antimicrobial 588 activity against E.coli and coliform microbiota of pork meat was observed when they were combined. 620 Figure 8 shows peroxide values of lard samples, both uncoated and coated with the films, after 621 differing storage times. Low PV values, with no significant differences among the samples, were 622 obtained after relatively short storage periods. Nevertheless, they increased considerably after long 623 storage times. In this case, significant differences were observed for both uncoated and coated
624
samples. This can be attributed to the low oxygen permeability of the films (Table 2) 
